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The SpeK;e].ab Progranme is a challenge in many respects. \>Ihen the 
^eoelab /v^reements were signed in 1973, for the first time Europe 
and the U.S. had decided to jointly develop, build and operate a 
Space system. It is also a challenge because the Spacelab concept 
is being developed practically in pareillel with the Space Shuttle and 
at the same time as the operational approaches and the requirements 
from the usejs point of vi&t evolve. Never before had a spac« progranme 
so many ii'.terfeice cx>nditions to fulfil eis Spacelab does in terms of 
techiiical, fineincial and schedule requirements. 

Since tile signature of the agreements, the Spacelab Progreinroe has 
come a long way. The ccrrpletion of the Subsystem Requirements Review 
cxanducted in 1975 signifies that the progranme has_ passed the de- 
finitiem and documentation phase and has entered into the detail 
design and tiard«>;are development phase (Figure 1). 

The development of the first Spacelab is more and more regarded 
as the first phase of a joint progranme to be followed in the future 
by the utilization of the Spacelab/Space Shuttle system, the folloir;-on 
production and the extension of the Spacelab capabilities beyond 
the present exxysept. 

It is from this perspective that both ESA and NASA cure new lc»king 
at the Spacelab/Shuttle Intergovemnenteil Agreement and the related 
NASA/ESA Memorandim of Understanding. It is new possible to see the 
outlines of the future being pressed sharply into the present (Figure 2) 

Hie c*)jectives of this joint venture are clear (Figure 3) . We want to 
provide a laboratory and observation facility in space to as many 
ejqjerimenters of various disciplines as possible at reasonable cost 
thus facilitating researc:h and application experiments in space with 
more direct involvement of the experimenters in all phases of space 
missions. 

In this report we surrmarize the current statixs of our activities for 
reaciiing these cbjectivcis. Starting from the programme requirements 
(Figure 4) vrfiich are given here for conpleteness sake, the report 


will describe the basic Spacelab concept, the progranmatic aspects 
of the prograntne and sane considerations concerning payload integration 
and payload operations. 

t 

SEACEEAB CONCEPT 


As a result of the intense activity over the past year on the design 
of the Spacelab itself, the Spacelab as a system is emerging from 
its conceptual phases to firm system configuration. As a basic 
reference to the Spacelab system. Figure 5 displays the three nodes 
in vrfiich the Spacelab can be configured, namely the pressurized 
modu3.e, the pallet-only mode and the oorbinatic»i pressurized nodule 
and pallet assenbly. 

In Figure 6 we see the esctemal features of both the pressurized 
nodule and the pallet. It can be noted that the major changes since 
our last presentation before this gro’jp are chiefly in the revised 
tunnel configuration, the new utility interfaces in which the utility 
bridges have been eliminated in favour of cable connects and in a 
change in the igloo fron a horizaital position in front of the pallet 
to a vertical position in frortof the pallet. 

In Figure 7 we see the inboard profile of the Spacelab pressurized 
nodule as it exists today. It will be noted here that certain changes 
have also been made, these are primarily in the increased size of 
the feedthroughs, in the equipnrent racks and certain avionics designs 
and edrlock configurations. These will be described in more detail in 
a later paper. 

Figure 8 shows, how the major elements of the Spacelab itself fit 
together. It is easily seen by this figure that the modular design 
of the Spacelab permits a tremendous flexibility in its utilization; 
it is this flexibility that gives to Speicelab its unique characteristics 
for the users. 

In Figure 9 we see three representative Spacelab fli^t oonfiguratioas. 
These are included primarily to give some feel for the dimensions of 
these configurations. Vte will not describe them in detail except to 
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point out that the flexibility of the modular ooiicept is vejry evident 
by the configurations shown here. 

Figure 10 shows the current concept for the Instnment Pointing 
System (IPS) . IPS is part of the Spacelab progranme. At the present 
time, the foimal agreement to proceed with the develcxxnent of the 
IPS is still pending. We expect that the approved iy the heads of the 
two agencies will be obtained very shortly. Our current plan is that 
the delivery of the first fli^t unit of IPS will occur in Februeury 
1980 and that it will be flown cwi board the second ^>acelab flic^t. 

In Figure 11 we see the tunnel configuration for both the forward 
and aft locations of Spacelab. The tunnel is a development of NASA 
and at the present time we are on schedule with cur plans for pro- 
curement of tlie tunnel. 

I vxxdd like to refer briefly to the capability of the Spacelab 
to support the user. In Figure 12 I have sumtarized the various 
si^^port parameters of interest to users. Wei^t, volime, power, energy, 
data recording avciilable to the usershave been tentatively determined. 

It should be noted here that sane of these numbers are subject to 
specialized requirements such as the mission duration. The provision 
of support to the user for missions in excess of seven days, must 
oome fron available payload wei^ts for the user. 

One of the key elements of concern to both ESA and NASA is the approach 
to safety in the Spacelab Programne. 

Figure 13 describes this approach, and as can be seen, we are 
attenpting to direct our attention to those areas of safety vhich 
are of concern not only to the crew, but also to the user. In particular, 
the material selecticxi requirements are of ooncem to us since as fcu: 
as the croeriments and payloads are concerned, it is o\xr intent that 
materials flown in the laboratory will not only be compatible with the 
environmental conditions in ^>acelab, but eilso with the crew, without 
at the same time requiring unique matericils that would drive up the 
cost of eager iment and payload development. 



SPACELAB PRDGRAMMATICS 


With respect to the financial situation and schedule ocaisideratlons 
of the Spacelab program, it can be stated that both cure in a sound 
condition. Before I address these t»o areas, however, I would like 
to discuss the breakdown of responsibilities and contributions between 
ESA and NASA as they are agreed ipon in the Memorandum of Understanding. 
Figure 14 shows these responsibilities. With respect to previous 
versions of this illustration, it should be noted that we are shewing 
as an ESA responsibility the reproduction of follcw-on flight units. 

Hiis ittplies that NASA has essentially to come to a decisicxi regarding 
the number of required follcw-on flight units. We are in the process 
of negotiating this matter at the present time between our tvro agencies. 
Additioncdly, it should be noted, that ESA retains to itself, as it 
should, the integration of European eaq^eriments into not only its cwn 
Spacelab but into the joint ^sacelab missions involving both agencies. 

Figure 15 shows the ^>acelab programme master schedule. Hiis schedule 
is currently under review. At the present time the Preliminary Design 
Review is scheduled to take place in two increments, phase A portion 
in June, and a Phase B portion in October of this year. It is not con- 
sidered that this change will have any impact on the delivery and flight 
dates of the overall schedule. Referring to Figure 16 it can be seen 
that a number of near term schedule milestones have been met. It is 
significant to note from this figure that we are on schedule and that 
the forecast milestaies are being met essentially as planned. 

Figure 17 and Figure 18 shew a number of programme management organizationed 
relationships. Figure 17 describes the approach to overcill management of 
the Spacelab itself vhereas Figure 18 refers to the relaticmship of the 
Spacelab programme to the users. I think it is worthirAiile to note from 
these illustrations that close links have been established between the 
organizations at various levels. This assures that the capability of 
the laboratory will be closely atuned to the requirements of the users. 

In Figure 19 we illustrate the responsibilities of the Eurepean industrial 
contractor team v*iich comprises the prime contractor, ten oo-oontractors 
and numerous sub-contractors. It should be noted that 39 per cent of the 
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work is carried out under fixed price contracts. 

Figure 20 displays the budget allocations and the distribution of 

funding among the member states in Eurone for the Spaoelab Programtne. 

♦ * 

Sijnllcurly in Figure 21 we see a breakdcxm of the funds for develpp- 
ment ^lnd operationed responsibilities of NASA. 

In Figure 22 we shew the Spacelab docvsnentatlon tree, indicating 
the kinds of docunents that have been established for the progranme. 
Most of these docunents are jointly controlled by NAI^ and ESA Trans- 
portation System. 

PAYD3AD INTEGRATION / OPERATiaNS 


As the development of Spacelab matures and the date of the first 
^»oelab flight comes closer the need for planning the payload 
integraticaa and operatiOTS activities beocne more li!|»rtant. 

In Figure 23 we depict the kinds of user participatlcxi that we 
see for the Spacelab progranme. This participation is divided into 
various levels, one whicii involves the individual iisers, cinother 
vMdi involves a user organization. 

The oorjclusicMi that we wish to leave with you with respect to 
this figure is that the user will have a more Inportant involvement 
in the Spacelab progranme with his e^geriment than in any other 
space progranme to date. 

In Figure 24 we show the Spacelab experiment / payload operaticxis 
interfaces. Though this particuleir illxjstraticn appears to be rather 
conplicated, vhat we are attenmting to shew here is the merging 
together of the ej^erlments selection and development process with 
the payload integration activities. It will be noted that the SPICE 
groi?> in Europe (^>acelab Pe^load Integraticxi and Coordination in 
Europe) vAiich is located at Porz-Wahn, Germany, is the primary 
organization for the integration and coordination of indivlducil ex- 
periments. The individucil eroeriments selected for development in 
Europe axe integrated into the racks and through pre-Level III or 
Level III into the pallet eind shipped to the payload integration 
center at KSC. There they proceed throu^ Level III, Level II and 
Level I up to launch. Similarly, experiments develcroed by NASA progranme 
offices flow throu^ a NASA Level IV integraticai center which in the 


Ccise of missions 1 and 2 of the Spacelab is the Marshadl ^»ce Fli^t 
Center and hence to KSC v*iere they are nierged together with the 
European experiments. 

Figure 25 shews this process in a more schanatic sort of vay. 

Principle Spacelab Mission 1/2 Implementation respcmsibillties within 
NASA are the STS Management and Payload respemsibilities at NASA 
Headquarters ; Fli^t Operations at JSC; Ground and logistics Operations 
at KSC; and Spacelab Progranme Management Payload Missicxi Management, 
Logistics Management, and Software Integration at MSEC. In addition, 
the users will develop and operate their experiments eind ESA plans 
to play a role in the pre-selection and tr 2 dning of European pe^load 
specialists. 



Figure 26 shows the many varied 

will raanauw the Eurooean Favloadii. » 

and complex activities and interfaces involved in Spacelab 

operati^fons. They will be described in detail as I proceedo^ 


Figure 27» illustrstsB tho poyload siission plcimlng eleaionta/ 
Inieri'aocs. Soma of the major elements of Payload Klsoion Planning are 
depicted on the accompanying chart. User requirements and definition 
and the STS capabilities/constraints provide the basin for perfbrming 
the payload miesion planning. Payload Integration Raqutreraents Analyses 
prevides typically mass properties, crew activity eleroente, layout? 
end mission planning* Culmination of various efforts is anticipated 
to be In a Payload Definition Document (PJDD). Contents of the PFDD 
include typically I Peyload/Esperimcnts Definition, RequiremeiTts eni 
AccooiDodatiori, Orbit Selection, Orbital Environment, Coojnunicatlons, 

Crew Activity TlmelineB, Sufcsyatom Hcsource Pequlremente and Accomno- 
dotion, Payload Requirements on STS Resourccs/Orbiter Attitude, Ground 
Support Requireoients , etc. 




Figure 28, Uluatratos the payload integration requiromentc 
definitiontieiDBnts/lnterfaceB# The major payload Integration require- 
ments definition elements/lnterfaoes activities are depicted on the 
accompany chart* The flight aupport analysis establlslies the requlre- 
n»nts and resources required to perform the conduct of tho mission 
from onboard or from the ground. Tho experlments/^tems compatibility 
analysis assesses experiment cotmatibility vd.th Spacelab ccmpatlbilities/ 


constraints, (uxselon objectives, end with other experimonta, objectives, 


operations, and envelopes. The ground operations analysis identifies 
individual ground operations procesaing and support requirements for 
Spacelab/Psyloada* These analyses feed each other and retuire 
interfaeSQ with the User community, with the Mission Planning 






operatlorjB , and envalopee* The ground operations analyaia Identifies 
individual ground operations processing and support requirements for 
Spaccleb/PayloadSi These analyses feed each other and rctuire 
interfaces vAth the User eommmity, with the Klssion Planning 
activity, with ground and mission operations. The Kisaion Planning 
activity provides typically an activity tijnellne, power profile, a 
radiation history, etc. These integration analyses feed the PFDD and 
physical integration requirements documents. ?Jv>bsequent chajrts wtU 
show tasks performed in each analysis. 

Figure 29, the ground operatione required to process and rebels 
Spacelab elements and associated Pay* oeds are comprised of many varied 
ard complex activities. The major activities are ‘depicted on the 
accompororing chart. Phyaicai integration is the pacing activity 
around which the others are planned. Provisions are being made for 
ample facilities and grourd support equipment to accommodate the 
hardware proceeslng events. A logistics system to efficiently maintain 
transjxsrt and i*epair the operational Spacelab must be established. 
Quality, safety and engineering axirveillance of all ground operations 
will b« implemented. An adequate engineering base %rlll be required 
to sustain the operational capability of the Spacelab elements, 
facilities, and support equipment. Since* each activity is an integral 
part of the overall operational capability, thorough plarming and 
scheduling will be required if the maxljcum operational capability is 


to be realised. 



Rlgure 31, flight operations enconpasses the activities Hor 
the operation of the Space Traa-^xirtation System (STS) i.o., Shuttle/ 
Spacelab, and the Payload. The STS and Payloal functions may be 
executed onboard or from a ground support facility. Typical onboard 
fUnctlorB include Spacelid) rosouroe managsment, consnard of the flight, 
flight safety, BiVA, and exp^rlsient operation ar/^ maintenance, and 
•xperiiodnt data observation for the Payload. Typical ground support 
iXinctlom include STS resource management support, flight plan inte- 
gration, and data and eonmunicetinna monagenxmt, and User support, 
science data management, and Payload activity scheduling for the 
Peyload. 

Figure 32 , the flight crew composition required to perform the 
onboard STS and Payload activitbe consists of a Cornfflander, Pilot, 

Mission Specialist, anl one to four Payload SpeciaAiats. The princi- 
ple responsibilities of the Commander and Pilot are command of the 
flight and the operation of the STS, The Mission Specialist and 
Payload Specialists are primarily concerned with the direction and 
perfOiuiance of Payload operations. 

Figure 33, ground support to the oTiboaid activity is provided 
for both STS and Payload operations. The Payload Operations Center 
(POC) will provide direct support to Payload operations via the 
Payload Director and User support teams. Support to the 3TS will be 
provided by the Flight Director and the flight control team. 

Continuous coorcination interface will be maintained between the 
STS Mission Control Center (MCC) and FOC. 

P 


f 


Fj.gure 34 1 Spacelab data and comminicetlona ayatetsa Include 
teleiEOtiyf voice, video, uplink photograi^iic and apecinsna/aamplea. 
Date Is i*etx*levcd both by electronic transmission during the teat 
period and atorage onboard Spaceleb for retrieval after Shuttle 
londinc* Specific data flow iniplotncntatlon within the basic 
sj'utem capability will be established on a misaion basis. During 
onboard operations, data generated onboai'd Spacelab is transodtled 
by the Urbiter avionics aysten to the Tracking and Data Relay 
Satellite* (UltS) ground ienainal via the orbiting satellite. 

Fixom the ground tezminal the data is routed to the NASGOM interface 
for retransmission to the POC/facilltles, utilizing domestic 
satellites Ibr high-bit-rate data and terreatial lirjes for low-bit- 
rate data. Both data transr.dtted electronically and that retrieved 

upon Shuttls iondijag will bo doUvurod. %o tha uaorc for dato reduction, 

data analysis and archiving. All comrRands from the operations centers 
win be routed through the MCC at JSC for uplink to the Spacelab. 


OCWCIXJSION 


It has been denonstrated that there Is no dtxbt that ESA £uxl NASA 
are firmly on course with the develo, rent of Spaoelab. We have 
denonstrated that our eutsociatlons of the past years 

shcM that vie understand the roles, functions and activities of each 
organization very thorou^y, to the extent that problems that de- 
velop in oonplex progr am mes of this kind can be resolved. We look 
to the Imnediate future v/ith confidence arid full €9q)ec1:atiQn that 
our major milestones will be met to the ocmplete &atisfeu:tion of 
both parties. With respect to NASA and ESA plans for utilization 
of the Spacelab, we have made considerable progress. We are moving 
ahead with our initial plans for follow-on prodvcticm and procure- 
ment. 

In Figure 35, we show the Initicd plans for ^»celab follow-on 
procurement. As you can see, NASA has received a preliminary price 
proposal by ESA, and it is our expectation that an RET for procure- 
ment will be issued by NASA before the end of this year. 

Hie programne progress demonstrates that Spacelab is a firmly 
established part of the Space Transportation System. 
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MAJOR SPACELAB PROGRAMME OBJECTIVES 



• TO PROVIDE TO A LARGE MULTIDISCIPLINARY USER COMMUNITY 
A VERSATILE LABORATORY AND OBSERVATORY FACILITY 


• TO REDUCE SIGNIFICANTLY BOTH THE TIME AND COST REQUIRED FOR 
SPACE EXPERIMENTATION 


• TO MAKE DIRECT SPACE RESEARCH POSSIBLE.FOR QUALIFIED SCIENTISTS 
AND ENGINEERS WITHQUT THE NEED QF FULL ASTRONAUT TRAINING 
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SPACELAB PROGRAMME REQUIREMENTS 


0 PRE-DETERMINED FUNDING CEILING 

0 DELIVERY OF FLIGHT UNIT EARLY-1979, ENGINEERING MODEL EARLY-1978 
TOGETHER WITH ASSOCIATED GROUND SUPPORT EQUIPMENT 


0 LOW OPERATIONS COSTS TO BE ENSURED 
0 USER FLEXIBILITY TO BE PRESERVED 
0 EXPERIMENT PAYLOAD WEIGHT 5000 TO 9000 KG 
0 PROVISION FOR FOLLOW-ON PRODUCTION 
0 FLIGHT DURATION 7 TO 30 DAYS 
0 DESIGN LIFE 50 REUSES OR 10 YEAR LIFETIME 
0 CREW OF I TO 4 PAYLOAD SPECIALISTS 
0 COMPATIBILITY WITH SPACE SHUHLE 
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SPACELAB MODULARITY APPROACH 


HIGH QUALITY WINDOW 
50 cm DIAMETER 


VIEWPORT 
30 cm DIAMETER 
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TOP 
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SEGMENT TO MAKE 
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BASIC, ONE SEGMENT 
SMALL MODULE 


IGLOO FOR PALLET-ONLY MODE SUBSYSTEMS 
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PAYLOAD 


PALLET 


YOKE 


GIMBAL SUPPORT STRUCTURE 


INSTRUMENT POINTING SUBSYSTEM 


OPTICAL SENSOR PACKAGE 


PAYLOAD INTEGRATION RING 


OUTER GIMBAL 


GYRO PACKAGE 


ELEVATION DRIVE 


CROSS ELEVATION DRIVE 


DATA ELECTRONICS 
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PAYLOAD CLAMP SUPPORT 
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HEAT 

REJECTION 


3 KW 
AVIONICS 
AIRCOOLING 


CABIN 

AIRCOOLING 


•CAPABILITY EXTENDIBLE IN ADDON KIT FORM CHARGEABLE TO THE PAYLOAD ALLOCATIONS 
OF WEIGHT AND VOLUME. 
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SPACELAB PAYLOAD RESOUrJCES 

AND SERVICES SUMMARY 


RESOURCES 
CONFIG UR ATI0N\^ 

WEIGHT 

(GOAL) 

LONG MODULE 

5500 KG 

SHORT MODULE 

j 

PLUS 


6-9 M PALLET 

5500 KG 

PALLET ONLY 

8000 KG 
(15M) 

9M/15M 

9100 KG 


9M 


PRESSURIZED PALLET 
VOLUME LENGTH 


0-6M POSSIBLE 


6 9 M 

3M-12M 

POSSIBLE 


9M/15M 

3M-15M 

POSSIBLE 


AVERAGE 

POWER 


DATA 

ENERGY* RECORDING 


(PRESENT ESTIMATES) 


2-3 KW 400 KWH 


2-3 KW 400 KWH 


4 KW I 600 KWH 


DIGITAL 
UP TO 
30 MPS 
AT 

VARIOUS 

SPEEDS 

VIDEO 

ANALOG 

RECORDER 


1 KW 


6.6 KW 


COLO PLATES 
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SPACELAB PROGRAMME MASTER WORKING SCHEDULE 
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FMOF « First Manned Orbital Flight Progranar.e Directors on 
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USER PARTICIPATION 

INDIVIDUAL USER 

• INITIATES PARTICIPATION THROUGH PROPOSAL RESPONSE TO ANNOUNCEMENT OPPORTUNITY 

• HAS CHOICE OF DEGREE OF PARTICIPATION. EXPERIMENT DEVELOPER TO DATA USER 

• HAS FIRM FUNCTIONS AND RESPONSIBILITIES DURING THE EXPERIMENT LIFE CYCLE 
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• ASSUMES OVERALL RESPONSIBILITY FOR EXPERIMENT DEVELOPMENT. INTEGRATION AND DATA REDUCTION 
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SPACELAB PROCESSING & LfVELS OF INTEGRATION 


STAGING - PREPARATION OF EXPERIMENT ELEMENTS. AFT BULKHEADS AND SPECIAL EXPERIMENT SECTIONS 
FOR INTEGRATION. 

LEVEL IV - INTEGRATION AND CHECKOUT OF EXPERIMENT EQUIPMENT WITH INDIVIDUAL EXPERIMENT 
MOUNTING ELEMENTS (e.g. RACKS AND PALLET SEGMENTS). 

LEVEL III - COMBINATION, INTEGRATION AND CHECKOUT OF ALL EXPERIMENT MOUNTING ELEMENTS 

(e.g. RACKS. RACK SETS AND PALLET SEGMENTS) WITH EXPERIMENT EQUIPMENT ALREADY . 
INSTALLED, AND OF EXPERIMENT AND SPACELAB SOFTWARE. 

LEVEL II - INTEGR ATION AND CHECKOUT OF THE COMBINED EXPERIMENT EQUIPMENT AND EXPERIMENT 
MOUNTING ELEMENTS (e.g. RACKS. RACK SETS AND PALLET SEGMENTS) WITH THE FLIGHT 
SUBSYSTEM SUPPORT ELEMENTS (i.e. BASIC MODULE. IGLOO) AND EXTENSION MODULES. WHEN 
APPLICABLE. 
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REVERIFICATION OF SPACELAB ELEMENTS AND EXPERIMENTS. 
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